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end
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begin
if n = 0 then print “.casl 45 p )7
else
Top_of the Heap = A[1];
A[1] := Aln];
n:=n-1;
parent := 1;
child = 2;

while child < n-1 do

if A[child] < A[child+1] then
child := child + 1;

if A[child] > A[parent] then
swap(A[parent],A[child]);
parent := child,
child := 2 * child;
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end
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begin
n:=n+ 1 {. wlso iy )] oS e o,
Aln] :=x;
child :=n;

parent :=n div 2;
while parent > 1 do
if Afparent] < A[child] then
swap(A[parent],A[child]); {.\dw G 1y F-Y cpped }
child := parent; '
parent := parent div 2;
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end
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if root = nil or root" key = x then node := root
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else
if x < root™.key then BST Search(root".left,x)
else BST Search(root”.right,x)
end
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root := child,;
root™.key :=x
else
node := root;
child == 100t;  {.Cusi il &S 129 (Zolao b 4yl L 23,Mdo (]}
while node # nil and child # nil do
if node” key = x then child := nil
else
parent ;= node;
if x < node” key then node := node.left
else node := node”.right;
if child # nil then
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child* key :=x;
child”.left := nil; child*.right := nil;
if x < parent” key then parent”.left := child
else parent”.right := child
end
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begin
node := root;
while node#nil and node” key # x do
parent := node;
if x <node” key then node := node”.left
else node := node”.right
if node = nil then print (“.cews ¢ > > X”); halt; Hzes sy halt}
if node # root then lom o = ool s (oS
if node” left = nil then {otaryi = ol 25
if x < parent™.key then
parent”.left := node”.right
else parent”.right := node.right
else if node.right = nil then
if x < parent” key then
parent”.left := node”.left
else parent.right := node” left
else  {.,b L5y 93 0,5 oS ‘_SJB}
nodel := node” left;
parentl := node;
while nodel”.right # nil do
parent] := nodel;
nodel := nodel”.right;
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parentl”.right ;= nodel”.left;
node™key = nodel* key
end
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Celebrity(Know) % 95!
(nxn g Boolean  yu yle G) Know (5399

celebrity : 9,5

begin
i:=1;
173
next ;= 3;

{osS oo Bl Sy 3 4y 1y jal (sdad Censs (sals o 3
while next <n+1 do
if Know[i,j] then i := next
else j == next;
next :=next+ 1;
{800 Bl (S 51 o I
ifi=n+1 then
candidate := j
else
candidate = i;
{6 b ol i g0yl Lidlg 3300 ol LT ouiS pary o 0L Jlot
wrong := false;
k=1,
Know[candidate,candidate] := false;
{ ool plosl (gl (Sadlo o Ko
while not wrong and k <n do
if Know[candidate k] then wrong := true;
if not Know[k,candidate] then
if candidate # k then wrong := true;
k=k+1;
if not wrong then celebrity := candidate
else celebrity :=0 {)Mw 0l ydlas 39;9}
end
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begin
Global Max :=0;
Suffix Max :=0;
fori:==1tondo
if X[i] + Suffix_Max > Global_Max then
Suffix Max := Suffix Max + X[i];
Global_Max := Suffix Max
else if X[i] + Suffix_ Max > 0 then
Sufix Max = X[i] + Suffix_Max
else Suffix Max :=0
end
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P[0,0].exist ;= true;
for k:=1to K do

P[0,k].exist = false;
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fori:=1tondo Bed o Llus P I1s
fork:=0toKdo fign & (0,08 555 51 s
P[i,k].exist := false; { 15 Liw aiof
if P[i-1,k].exist then
Pli,k].exist := true;
P{i,k].belong := false
else if k-S[i] > 0 then
if P[i-1,k-S[i]].exist then
P[i,k].exist := true;
P[ik].belong := true

end
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begin

Position := Find(z,1,n);
end

function Find (z,Left,Right): integer;
begin
if Left = Right then
if X[Left] = z then Find := Left
else Find :=0
else

Middle = [1/2 (Left + Right) |;

if z < X[Middle] then
Find := Find(z,Left,Middle-1)
else
Find := Find(z,Middle,Right)

end
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begin

Position := Cyclic_Find(1,n);
end

function Cyclic_Find(Left,Right): integer;
begin
if Left = Right then Cyclic_Find := Left
else
Middle == | 1/2(Left + Right) |;
if X[Middle] < X[Right] then
Cyclic_Find := Cyclic_Find(Left,Middle)
else
Cyclic_Find := Cyclic_Find(Middle+1,Right)
end
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begin

Position := Special_Find(1,n);
end

function Special Find(Left,Right): integer;
begin
if Left = Right then
if A[Left] = Left then Special_Find := Left
else Special Find :=0 {,jé;wli Lsy?gilw?}
else
Middle == [1/2(Left + Right) |;
if A[Middle] < Middle then
Special Find := Special Find(Middle+1,Right)
else
Special Find := Special Find(Left,Middle)
end
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33 sl i ST e dae b X[i]=Z & (ls8 & i il L) Position 3 g5
(bl ansly
begin
if z<X[1] or z > X[n] then Position := 0
{3950 b s
else Position := Int Find(z,1,n)
end

function Int_Find(z,Left,Right): integer;
begin
if X[Left] = z then Int_Find := Left
else if Left = Right or X[Left] = X[Right] then
Int Find :=0
else

3

Next Guess:= (Left + (z- X[Left]) (Right - Left)_|

X[Right]- X[Left]
if z <X[Next Guess] then
Int Find :=Int Find(z,Left ,Next Guess-1)
else
Int_Find := Int_Find(z,Next_Guess,Right)
end
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Mergesort(X,n) i 55/
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begin
M_Sort(1,n)
end

procedure M_Sort(Left,Right);
begin
if Right - Left=1 then 5o )5 (i & asbiyy o cllo o] iy 0}
{8 o i ) asby (S (o oy W
if X[Left ] > X[Right] then swap(X[Left ],X[Right])
else if Left # Right then
Middle :=[1/2(Left + Right) |;
M_Sort(Left,Middle-1);
M_Sort(Middle,Right);
{8 oo plod) S0 by cpe sallin 93 S}

1= Left;
j = Middle;
k:=0;
while (i < Middle-1) and (j < Right) do
k =k+1;
if X[i] < X[j] then
TEMP[k] = X[i];
i=1+1
else
TEMP[K] = X[j];
i=itL

if j > Right then
{al slesl & cor cuom polie oads Jlasl}

{13 )13 598 Cawyd sl ) sl Cannn polic d > Middle 31}
for t := 0 to Middle-1-i do
X[Right-t] := X[Middle-1-t];
{1, n 31X a1 0093 1, TEMP jlaie ( Jls-}
fort:=0tok-1do
X[Left+t] .= TEMP][t]
end
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Partition(X,Left,Right) 2o 5951
(0,1 YL s>) Right o ()] owb ) Left (al)] ) X 26599
Middle oo b 558 slal sdon gl a5 slaS 4 Middle g X 1 2955
X[jPPX[Middle] Middle ;| 55,5 slaj saen slp ¢ X[1]<X[Middle]
begin
Pivot := X[Left];
L :=Left; R := Right;
while L <R do
while X[L] < pivot and L <Right do L :=L+1;
while X[R] > pivotand R>LeftdoR :=R - 1;
if L <R then
o8 ak X[R] L1, X[L];
Middle :=R;
oS bals X[Middle] U 1, X[Left]
end
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begin
Q_Sort(1,n)
end

procedure Q Sort(Left,Right)

begin
if Left < Right then
Partition(X,Left,Right);
Q_Sort(Left,Middle-1);
Q_Sort(Middle+1,Right)
end
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end

procedure Select(Left, Rightk);
begin
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Select := Left
else
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else
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end
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end
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for G jlw _l, » do
w.Mark := false; {..3 Jalgs true w.Mark wSLT w3 I
w.Cost ;= o0;

O ISP (XY) ) G Jb o 54 3265,
X Mark = true; {.u wlgs bl Lol cails 5y o i5cwde}
for (x,z) JL ,» do
z.Edge = (x,2);
z.Cost := (x,2) Ju s {zEdge Jbu caujp slon}
while 3,15 3435 (clodyp5scede Lol do
Pl W el aaS ilaiysm &S 1, (chosygsucaode ol
if w.Cost = o then
print ".cuns wied G "
halt
else
w.Mark := true;
300 T cs 4 4 |, w.Edge;
{-M‘Su" s hw e Jate go3)g565ceMe dl"’u’i) S b ‘Jl>}
for (w,z2) Jb ,» do
if not z.Mark then
if (w,z) Jb au3x < z.Cost then
z.Edge = (w,z);
z.Cost := (w,z) Jb 4
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begin
for &8 5lv i, » do
v.DFS Number := 0;
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DFS N :=n;
{ s |y O yio undgh aglod gy " &y |y DFS als” (cloo ot}
BC(v)
end

procedure BC(v);
begin
v.DFS_Number := DFS N;
DFS N:=DFS N-1;
oS sl iy a1, v; {wlw)bl,awwl}
v.High = v.DFS_Number; {aJol ,laio}
for (v,w) Jb ,» do

143 anls 039581 (lacas J1 (S s b b 5) Jbgs JU o)
if Cug vallgw then
if w.DFS Number =0 then
BC(w);
if w.High <v.DFS Number then
oS o gl B, gy 1, W Jlail v}
Vi s Gl b8 Gle w5 ey 5 gl sae

olye 2 1) gl g b cnl 5 Jols GBS 55 s gy

Ot oMo dadgd (ladlge
od y andy ) o)ligd Vi it Wl g sl W gadlpe I ot v
{ il oo S0 lo ol caddho
v.High := max(v.High,w.High) w2 R oy 48 |

else Lapsle Jb S b g Cungyede Jb KL (vw))
v.High := max(v.High,w.DFS_Number)
end
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Strongly_Connected Components(G,v,n) :es ;45!

sxes p 1, DFS 6> gady, Ji8 a5 wl)) v (heas G1S G) G=(V,E) 165959
(G baly dlus) g (3,
High polis 5 gyl ceMe wivon bgs sladilgo of 3 & (039,9 GBS olan 1 29,5
Silosis auolee
Gdan U 3550 Jlgl3 85 o] g ol ¢y DFS Jlgp aisen siilo}
{.359:: odyd Lmuj)
begin )
for G pv iy, do
v.DFS_Number := 0;
“v.Componenet := 0;
Current Component := 0;
DFS N :=n;
{1 V=0V 350 feusn o 350 DFS il (cloe o I}
while v.DFS_Number 0 45 315 529 v aile f, do
SCC(v)
end

procedure SCC(v);
- begin
' v.DFS_Number = DFS_N;
DFS N:=DFS N-1;
law atiy & 1) v;
v.High := v.DFS_Number; {aJsl laio}
for (v,w) Jb ,» do
if w.DFS_Number =0 then
SCC(w);
v.High = max(v.High,w.High)
else
1f w.DFS_Number > v.DFS_Number and w.Component = 0 then
il ol mb & el gyede JU SO L g ol Jb L (vow))
V. ngh = max(v.High,w.DFS_Number); { RS
if v.High =v.DFS_Number then {.c.l adlhe S (gl 5
Current_Component := Current_Component + 1;
repeat {o)'t»" sadlhe cshbuj) Lg)lifgp)&;}
MKy 5 oS Blo ) ady yuo e
x.Component := Current_Component;
until x =v
end
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kth-largest element
kth-smallest element
kth smallest key(element)
k-path

k-connected
NP-complete

NP-hard

suffix array
supersequence

two sided induction
double induction
reversed induction
implication

pointer

pigeonhole principle
pseudorandom numbers
partition

majority

concatenate

recursive algorithm
iterative algorithm
distributed algorithm
deterministic algorthim
probabilistic algorithm
Huffman’s algorithm
combinatorial algorithms

on-line algorithm
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fingerprinting

totally ordered

ancestor

collision

secondary collision

survey

linear probing

cut

dynamic programming
maximum consecutive subsequence
maximal induced subgraph
frequency

transitive closure

longest increasing subsequence
combinatorial optimization
vertex basis

descendant

broadcast

file

stack

bridge

dummy

convex hull

vertex cover

edge cover

dynamic

amortized complexity
graph traversal

join

hash function

universal hash
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monotically growing

iterated logarithm function

genealogical

ear decomposition
amortized analysis
transitivity
topological sorting
cyclic order

weak sorting
compile

inventor’s paradox
maximum matching
monogamous matching
bipartite matching
perfect matching
maximal matching
matching

partial match

string matching
perfect matching
generalization
symmetric difference
Stirling’s approximation
divide and conquer
duplicate

lattice

relatively uniformly distributed

register
permutation
delimiter
hash table
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interpolation search
priority search
binary search

pure binary search
breadth-first search
depth-first search
forest

sink

double rotation
single rotation

source
multidimensional
information-theoretic lower bound
elimination of history

entry

successor
well-defined
clustering
abstract data type
degree

outdegree
indegree

tree

2-3 tree

B-tree

DFES tree

free tree

optimal tree
suffix tree
spanning tree

minimum-cost spanning tree
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decision tree
weight-balance tree
search tree
self-adjusting tree
binary tree

binary search tree

complete binary tree

biconnected tree (biconnected
component tree)

rooted tree
red-black tree
shortest path tree
balanced tree ‘
balanced-search tree
Huffman tree
hashing

double hashing
coalesced hashing
reachable

tail

sequence

cyclic sequence
realizable sequence
cycle

Hamiltonian tour (Hamiltonian cycle)
biconnectivity
edge-biconnected
representation
Euler’s formula
ordering relationship

vertex
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rank

formalize

string

Harmonic series
asymptotic behavior
valid coloring

edge coloring

recurrence relations with full history

bisection method

linear congruential method
flowchart

separate chaining
ordered pair
subsequence

maximum subsequence
stuttering-subsequence
vertex-induced subgraph
induced subgraph

data structure

consistent

system

head

straightforward
hierarchial

predecessor

network flows

network

conservation constraint
decreasing DFS number
decompositions of graphs

greedy method
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explicit
queue

priority queue

first-in first-out (FIFO) queue

implicit

slack of the edge

balance factor

asymmetry

backtracking

minimal edit distance
multiplicity

child

dictionary, data dictionary
path compression
Fibonacci

loop invariant

max-flow min-cut theorem
integral-flow theorem
anti-Gray code

encoding

Huffman’s encoding

open Gray code

closed Gray code

wild card

single-source shortest path
all shortest paths

brute force

Euclidean graph

Eulerian graph

interval graph

undirected graph
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acyclic graph
unipathic graph
sparse graph
directed graph
dense graph
multigraph
bipartite graph
split graph

simple graph

star graph (star)
residual graph
condensation
planar graph
weighted graph
connected graph
unilateral graph
node

critical node
internal node
linked list
adjacency list
symmetric matrix
adjacency matrix
random-access machine
Turing machine
totally ordered set
feedback-edge set
multiset
independent set
fast Fourier transform

prefix constraint
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pivot

girth of the graph
mode

circuit

Eulerian circuit
simple circuit
uniform model
sort

mergesort
selection sort
radix sort
radix-exchange sort
in-place sorting
insertion sort
quicksort

bucket sort
straight-radix sort
Iexicographic sort
heapsort
cyclically sorted

order statistics (selection)

order of magnitude
open problem
partition problem
decision problem

celebrity problem

network-flow problem

knapsack problem

weighted selection problem

bottleneck problem
skyline problem
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equivalence problem
planarity

path

augmenting path
closed path

simple path

vertex disjoint paths
edge-disjoint paths
alternating path
characteristic equation
valid

the towers of Hanoi puzzle
heuristic

intuitive

component
biconnected component
strongly connected component
connected component
median

field

data field
nonbiconnected
candidate

articulation point
breakpoint

one-to-one mapping
parent

face

heap

maze

kernel
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connected
sibling

edge

cross edge
forward edge
back edge
one-dimensional
injective

isomorphism



